Introduction
The U.S. Geological Survey (USGS) uses the total petroleum system (TPS) concept of Magoon and Dow (1994) to assess undiscovered oil and gas resources. As defined by Magoon and Dow (1994) and Magoon and Schmoker (2000) , a TPS is a naturally occurring petroleum system that can be mapped, and consists of the geologic elements (hydrocarbon source rock, reservoir rock, seal rock, and overburden rock) and fundamental processes (generation, migration, entrapment, and preservation of hydrocarbons) as well as all genetically related petroleum seeps, shows, and accumulations (both discovered and undiscovered) whose provenance is a pod or closely related pods of active source rock. The maximum geographic extent of the TPS delineates the area beyond which no oil and gas from that source rock will be found. An assessment unit (AU) is a volume of rock within the TPS that contains discovered and undiscovered petroleum accumulations that are sufficiently homogeneous in terms of geology, exploration strategy, and risk characteristics to constitute a single population of field characteristics with respect to criteria used for resource assessment. As defined by Levorsen (1967) , a field is one or more pools or reservoirs of petroleum that are located on a single geologic feature or that are otherwise closely related.
The 2002 USGS assessment of undiscovered oil and gas resources of the Appalachian Basin Province (U. S. Geological Survey, 2002a, b; Milici and others, 2003) defined six TPSs. One of these TPSs was the Utica-Lower Paleozoic TPS ( fig. 1) , containing four conventional AUs and four continuous AUs. Two of the conventional AUs were assessed for oil, natural gas, and natural gas liquids (NGL), whereas the other two AUs were assessed for natural gas and NGL. The four continuous AUs did not have oil production at the time, and thus were assessed only for natural gas and NGL resources (Milici and others, 2003) . Ryder (2008) presented details on the stratigraphic units in the Utica-Lower Paleozoic TPS and identified the Upper Ordovician Utica Shale and thin units of black shale in the uppermost part of the Ordovician Trenton Limestone (Group) as petroleum source rocks in the TPS (see fig. 2 at https://doi.org/10.3133/sir20195025). These source rocks generated hydrocarbons that migrated into reservoirs that range in age from Late Cambrian to late Silurian (Ryder, 2008) . The regional hydrocarbon seal in the Utica-Lower Paleozoic TPS was defined as the upper Silurian Salina Group, a mix of halite, anhydrite, anhydritic dolomite mudstone, and dolomite mudstone. Secondary sealing rocks in the TPS included the Upper Ordovician Utica Shale, Reedsville Shale, Queenston Shale, and Juniata Formation, and the lower Silurian Rose Hill Formation and Rochester Shale. More recently, following viable Utica Shale oil discoveries in the Appalachian basin, continuous oil, natural gas, and NGL resources in the Ordovician Utica Shale and Point Pleasant Formation were first assessed by Kirschbaum and others (2012) .
Discussion and Revision
Several data suggest that the Ordovician Point Pleasant Formation is equal or greater in importance to the Utica Shale as a hydrocarbon source rock unit in the revised Ordovician Point Pleasant/Utica-Lower Paleozoic TPS. The Point Pleasant Formation is an interbedded limestone and organic-rich shale interval that overlies the carbonate-rich Trenton Limestone, and underlies the Utica Shale, which is shale but not necessarily more organic-rich than the Point Pleasant (Patchen and Carter, 2015) . The Point Pleasant Formation was mapped in the subsurface from southern New York to the Kentucky/ Tennessee line (Hickman and others, 2015) . The type section for the Point Pleasant is the town of Point Pleasant in the Ohio River Valley in Clermont County, Ohio (Orton, 1873) .
The Logana Member of the Lexington Limestone in Kentucky and Ohio is an argillaceous limestone that contains approximately 70 percent carbonate and averages total organic carbon (TOC) of 4 to 5 weight percent (Patchen and Carter, 2015) . The Logana Member was correlated in the subsurface to the Flat Creek Shale of New York by Hickman and others (2015) . These correlative strata were mapped in the subsurface from central New York to the Kentucky/Tennessee line (Hickman and others, 2015) . The type section for the Logana Member is Logana Station (now abandoned) on the Louisville and Atlantic Railroad in Jessamine County, Kentucky (Miller, 1905) .
Several previous studies have discussed the possibility of the Point Pleasant Formation being a petroleum source rock. Cole and others (1987) analyzed 1,233 samples from 31 stratigraphic units and 47 reservoir oil samples from 12 stratigraphic units in Ohio and identified the Ordovician Point Pleasant Formation as a good-to excellent-quality hydrocarbon source rock. Wickstrom and others (1992) and Wickstrom (1996) suggested that the Point Pleasant Formation was the likely hydrocarbon source rock for Trenton Limestone reservoirs in Ohio. More recently, a multi-State investigation of the Utica Shale and related strata in the Appalachian basin (Eble and others, 2015) reported that the maximum TOC content of samples in 368 wells in New York, Pennsylvania, Ohio, West Virginia, and Kentucky, collected from the Point Pleasant Formation was 8 weight percent, and the maximum TOC content of samples collected in the Utica Shale was 10 weight percent. Eble and others (2015) also identified the Logana Member of Lexington Limestone as a potential source rock that was not previously recognized. The Logana Member and (or) the Point Pleasant Formation may be equivalent to the thin units of black shale in the Trenton Limestone discussed by Ryder (2008) . As of March 2018 (IHS Markit™, 2018) , about 94 percent of the wells that produced hydrocarbons from the Utica Shale and Point Pleasant Formation in New York, Pennsylvania, Ohio, and West Virginia were completed in the Point Pleasant Formation. Consequently, 94 percent of the produced natural gas and 98 percent of the oil and natural gas liquids produced from these Utica Shale and Point Pleasant wells were from the Point Pleasant Formation.
This publication describes revisions to the maximum extent of the Utica-Lower Paleozoic TPS delineated in U.S. Geological Survey (2002b), and as used by Milici and others (2003) and Kirschbaum and others (2012) . The newly revised boundary of the Ordovician Point Pleasant/Utica-Lower Paleozoic TPS presented herein, and the previously published boundary of the Utica-Lower Paleozoic TPS illustrated in U.S. Geological Survey (2002b) are shown in figure 1. In the modified Ordovician Point Pleasant/Utica-Lower Paleozoic TPS, the northern, northeastern, and eastern limits remain the same as shown in U.S. Geological Survey (2002b).
The most significant change to the boundary of the Ordovician Point Pleasant/Utica-Lower Paleozoic TPS is to the southwestern extent. In easternmost Indiana, southwestern Ohio, eastern Kentucky, and north-central Tennessee, the southwestern limit of the TPS was extended to create a common border with the approximately equivalent Ordovician Ancell/Maquoketa TPS of the Illinois Basin Province (Swezey and others, 2007 ; U.S. Geological Survey Illinois Basin Province Assessment Team, 2007) . Thus, the boundary between the Ordovician Ancell/Maquoketa TPS of the Illinois Basin Province and the Ordovician Point Pleasant/Utica-Lower Paleozoic TPS of the Appalachian Basin Province is delineated by the Cincinnati arch between the Lexington dome and Nashville dome (Ryder and others, 2012) . The revised southwestern TPS boundary ( fig. 1) includes the locations of all the known oil-and natural gas-productive wells in the Trenton Limestone and equivalent Lexington Limestone in the Appalachian Basin Province in Kentucky, Tennessee, and southwestern Virginia (Ryder, 2008; IHS Markit™, 2018) . Previously, the Trenton Limestone wells in Virginia and some Lexington Limestone wells in Kentucky were in the Utica-Lower Paleozoic TPS. Most (but not all) of the Trenton Limestone wells in Tennessee were not in any Ordovician TPS but were in the Cincinnati Arch Province (before the USGS adopted the TPS concept of Magoon and Dow (1994) to assess undiscovered oil and gas resources). Some Lexington Limestone wells in Kentucky and Trenton Limestone wells elsewhere were not included in any TPS. Some researchers have suggested that, in addition to the Upper Ordovician strata, the Devonian Chattanooga Shale may have been a source for hydrocarbons in Trenton Limestone wells in the Cumberland saddle area in Tennessee (Ryder, 1987) .
The multi-State Trenton-Black River study included analyses of natural gases produced from the Lexington Limestone in eastern Kentucky and equivalent Trenton Limestone in southern West Virginia, and the conclusion of those analyses was that the potential source rocks of the produced gases were the Ordovician Utica Shale, Point Pleasant Formation, Trenton Limestone, Wells Creek Formation, and (or) strata within the Lower to Middle Cambrian Rome Formation (Patchen and others, 2006) . In Dennen and others (2014) , analyses of oils produced from the Trenton Limestone and deeper Upper Ordovician formations in southwestern Virginia and equivalent rocks in northeastern Tennessee indicated the oils were sourced from the Upper Ordovician Trenton Limestone. The associated gases had geochemical characteristics consistent with those of the oils (Dennen and others, 2014) . Ryder (2008) proposed that "thin black shale units in the uppermost part of the Trenton Limestone (Group)" were the source of the hydrocarbons in Trenton Limestone reservoirs in southwestern Virginia. We interpret these black shale units to be possibly either the Point Pleasant Formation or the Logana Member of Lexington Limestone.
The northwestern extent of the Ordovician Point Pleasant/Utica-Lower Paleozoic TPS was changed in northwestern Ohio and easternmost Indiana to eliminate overlap with and create a common border with the approximately equivalent Ordovician to Devonian Composite TPS in the Michigan Basin Province (U.S. Geological Survey Michigan Basin Province Assessment Team, 2005; others, 2005, 2015) . Thus, the boundary between the Ordovician to Devonian Composite TPS of the Michigan Basin Province and the Ordovician Point Pleasant/Utica-Lower Paleozoic TPS of the Appalachian Basin Province is delineated by the Cincinnati arch and the Findlay arch (Ryder and others, 2012) .
Conclusion
The recognition of the Upper Ordovician Point Pleasant Formation as a major hydrocarbon source rock justifies a significant revision to the Utica-Lower Paleozoic TPS in the Appalachian Basin Province. Analyses of rock samples and produced oils (Cole and others, 1987) documented the Ordovician Point Pleasant Formation as a good to excellent hydrocarbon source rock. Recent well log interpretations and revised stratigraphic nomenclature support reports by operators in Ohio, West Virginia, and Pennsylvania that most of the oil and natural gas production has been from the self-sourcing Point Pleasant Formation, rather than from the Utica Shale (IHS Markit™, 2018) . Therefore, the TPS is redefined as the Ordovician Point Pleasant/Utica-Lower Paleozoic TPS.
The boundary of the TPS, originally extending from southern Canada and New York to Tennessee, has been modified. The most significant change to the maximum extent of the TPS is to the southwest, adding areas in Ohio, Indiana, Kentucky, and Tennessee in which historical oil and natural gas production from the Trenton Limestone (and equivalent Lexington Limestone) are evidence of an Upper Ordovician carbonate petroleum system (Dennen and others, 2014) . In the added area, the most likely source of hydrocarbons was the "thin black shale units in the uppermost part of the Trenton Limestone (Group)" (Ryder, 2008) 
